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Propulsion of contaminants out of the lungs by coordi-
nated action of motile cilia is essential for airway func-
tion. Multiciliated airway epithelial cells undergoing
ciliogenesis generate hundreds of basal bodies that traffic
to the surface, elongate motile axonemes and align with
the tissue axis for coordinated motility. The mechanisms
of cilia polarization remain poorly explored. We showed
that a conserved set of planar cell polarity (PCP) proteins
polarize airway epithelial cilia: PCP proteins localize
asymmetrically to the cell cortex, revealing that PCP sig-
naling starts before ciliogenesis; in PCP mutant epithelia,
molecular and morphological polarity are disrupted; and
PCP mutants display defective airway clearance, high-
lighting the requirement for ciliary alignment. Studying
the cytoskeleton, a target of PCP signaling, we uncovered
two temporally-distinct, cell type-specific, planar polar-
ized microtubule (MT) networks. Prior to ciliogenesis,
MTs are necessary in all cells for PCP protein asymme-
try. Subsequently, after basal bodies dock, MTs are
observed to contact the polarized appendages of basal
bodies, and PCP-regulated, ciliated cell-specific MTs, sta-
bly anchored by their plus ends to the proximal cortex,
are required for basal body distribution and alignment.
Our evidence suggests that MTs have two separable PCP
functions: MTs are first required in every cell for traffick-
ing PCP proteins to the cortex, and later they interact
with and directly align cilia. Our studies reveal strong
conservation of PCP mechanisms initially described in
Drosophila, and cilia alignment by PCP-oriented MTs
provides the first mechanistic description of how asym-
metric PCP proteins at the cortex orient cilia along the
cell surface.
Published: 16 November 2012
doi:10.1186/2046-2530-1-S1-O20
Cite this article as: Vladar and Axelrod: Planar cell polarity orients airway
cilia. Cilia 2012 1(Suppl 1):O20.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit* Correspondence: vladar@stanford.edu
Stanford University School of Medicine, USA
Vladar and Axelrod Cilia 2012, 1(Suppl 1):O20
http://www.ciliajournal.com/content/1/S1/O20
© 2012 Vladar and Axelrod; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
